Xanthomonas vasicola pv. vasculorum (Xvv) is an emerging bacterial plant pathogen that 20 causes bacterial leaf streak on corn. 
genomes. 133
To identify genes associated to the emerging U.S. Xvv population, we identified ortholog 134 groups among all proteins. Overall, 3616 genes were present in all the X. vasicola groups 135 (Supplementary Figure 3) , and the core genome (orthologs present in all strains) was 2755 136 genes (Supplementary Figure 3) . Orthology distribution analysis in the different groups found 137 that 44 genes were exclusive to corn Xvv. No genes were found to be exclusive to Xvv from 138 8 the U.S., but 19 genes were shared exclusively with Argentinian strains. Sixty-three genes 139
were shared between Xvh and Argentinian and U.S. Xvv strains (Supplementary Figure 3) . 140
To uncover more genes associated with (but not necessarily exclusive to) the U.S. Xvv 141 population, we performed a hyper-geometric test for each ortholog group. In this test we 142 compared the presence and copy number of each gene in the U.S. Xvv genomes against 100 143 sets of randomly selected genomes from the other groups (Supplementary Figure 4) . The test 144 identified 278 genes that were over-represented in U.S. Xvv and 44 genes that were 145 containing 44(C) and 57(E) genes, respectively. Cluster C was shared among a majority of 150 the corn Xvv strains, and some genes are also present in Xvh. All genes from Cluster E are 151 shared by Xvh and U.S. and Argentinian Xvv strains, while absent of most South African Xvv 152 strains (Figure 3) . 153
The annotations and predicted functions of over-represented genes showed an enrichment in 154 proteins with nucleic binding activity and involvement in DNA metabolism, recombination and 155 transposition, suggesting mobile elements in the strains (Supplementary Figure 5) . No 156 particular enrichment was found in the group of underrepresented genes. 157
Clusters of genes in U.S. Xvv are genomic islands and contain putative effectors. 158
We further analyzed these clusters in a set of eight fully sequenced genomes. Most of the 159 identified clusters (except Cluster B) are predicted to be in genomic islands, using the 160 IslandViewer4suite, which compiles parametric and phylogenetic methods for genomic island 161 putative T3Es in each genome (having, at minimum, a predicted T3E secretion signal) (Figure  174 4). Some predicted T3Es proteins were found in the clusters, including five genes in Cluster C 175 and nine in Cluster E, the latter included various hypothetical proteins, an HTH transcriptional 176 regulator, and two methyltransferases (Supplementary Table 3) . 177 A gene cluster in U.S. Xvv is a prophage horizontally transferred from Xvh. 178
Since these clusters are likely to have been horizontally transferred we attempted to find the 179 taxonomic origin of the transfer by using Kaiju (Menzel, Ng, and Krogh 2016) to find the 180 closest match for each gene from the CO-5 strains in the progenomes database (Mende et al. 181 2017), a database of representative microbial genomes that does not include Xvv or Xvh. As 182 a whole, over 93% of the CO-5 genome was effectively assigned to Xanthomonas sp., with 183 most genes assigned to Xvm (Supplementary Figure 7) . In contrast, the gene clusters 184 
and Gabriel 2015). And in Xanthomonas arboricla, strains pathogenic on walnut carry a higher 297 number (and also a different repertoire) of prophages than non-pathogenic strains (Cesbron 298 represented Xvv genes that were not assigned to clusters, is needed to establish a possible 311 role in virulence. 312
Here we have used comparative genomics to address questions about the origin of an 313 epidemic and the genetic determinants associated with pathogen population spread. Based 314 on our findings, we postulate different exciting hypotheses that will be the subject of future 315 work to understand the lifestyle and evolution of Xvv and related bacteria. 316
Materials and Methods 317
Strain collection and molecular detection 318 differences were found between with the polished assembly nor with the other SMRT-384 generated genomes as examined with multiple alignments with Mauve (Darling et al. 2004) . 385
Isolation of

All generated genomes have been deposited to the NCBI (Supplementary Table 1) 386
We obtained all available assemblies of X. vasicola (NCBI:txid56459) and X. campestris pv. 387 musacearum (NCBI:txid454958, here referred to as X. vasicola pv. musacearum) as of 388
November 2018 (Supplementary Table 1 ). Assemblies with an N50 of minimum 10 kbp were 389 kept (thus excluding Xvv strains NCPPB895 and NCPPB890). For 10 recently published Xvv 390 strains form South Africa (named Xanthomonas vasicola pv. zeae) (Sanko et al. 2018 ) the 391 available assemblies ranged in size from 3.8 to 4.5 Mbp, significantly less than the average 392 size for other X. vasicola genomes (~4.9Mbp), and alignments to reference genomes 393 revealed large fragments missing from the assemblies (Supplementary Figure 11) . These 394 genomes were thus reassembled from available Illumina raw reads (Biosample accessions 395 SAMN10286417-26) using Unicycler v0.4.8-beta (--mode bold), which functions as a SPAdes-396 optimiser (Wick et al. 2017 ). New assemblies had expected sizes and were not missing large 397 regions and were thus kept for analysis in this work (Supplementary Figure 11) . 398
Genome annotation and ortholog identification 399
All assemblies were automatically annotated using prokka v1.14-dev (--rfam) (Seemann 400 2014). Ortholog groups from prokka-annotated proteins were identified using Orthofinder v. 401 2.2.6 (default parameters) (Emms and Kelly 2015). Additionally, orthologs were also identified, 402 and core genome size was estimated, using Pan-x (Ding, Baumdicker, and Neher 2018) 403 Similar ortholog groups with similar distribution were found with both strategies (Pan-X= 6155 404 groups and 2163 unassigned genes, Orthofinder = 6084 groups and 1896 unassigned 405 genes), since Orthofinder grouped more genes together, these results were kept for further 406
analyses. 407
Phylogenetic analyses 408
Phylogenetic trees were used were obtained with various methods using whole genome data. 409 KSNP3 (Gardner, Slezak, and Hall 2015) was used to obtain parsimony and maximum-410 likelihood trees based on pan-genome SNPs from identified k-mers (K-mer size =21), the 411 parsimony tree had overall higher branch support and was kept for analysis. CSI Phylogeny The test was applied for each gene in both directions, for over-representation (q -1) and 446 under-representation, and the lowest p value was chosen (if the lowest p value was for the 447 under-representation test, it was multiplied by -1 to differentiate them). The test was applied 448 100 times for each gene, each time changing the comparison group by randomly selecting a 449 group of non-U.S. Xvv strains of a random size between 10 and 69 (total of non-U.S. Xvv 450 strains) (Supplementary Figure 4) . The average p value of the 100 tests was taken, and a 451 correction for multiple testing (p.adjust function, method BH (Benjamini and Hochberg 1995) 452 in R) was applied to the p values obtained for all genes. 453
Genes with an absolute adjusted p value < 0.05 were considered as over or under-454 represented in the U.S. Xvv group. The position of the selected genes in the genome of the 455 strain CO-5 was then used to establish clusters. Groups of more than 10 genes over-456
represented genes found less than 5 kb from each other were considered a Cluster and 457 assigned a letter (A-E) according to their distance to the replication origin. 458
Annotation of genomic regions 459
For a more thorough annotation of genes in each clusters and to assess enrichment in 460 functional categories, protein sequences of the CO-5 strain were further annotated using 461 
Visualization and other analyses 481
Most figures were generated using R (R Core Team 2013). Phylogenetic trees were 482 generated using the ggtree package (Yu et al. 2017 ). Circular genome and genomic region 483 visualizations were generated using ggbio (Yin, Cook, and Lawrence 2012). Heatmaps were 484 generated using pheatmap (Kolde and Kolde 2015). Upset plot was generated using UpsetR 485 and disease was assessed at seven days post inoculation (dpi). Lesion lengths indicate 693 expansion beyond the infiltration site. The experiment was replicated three times and 694 combined data from all replications is shown here. Letters designate significance groups at p 695 value <0.0001 using one-way ANOVA+Tukey's HSD using square root transformation of data 696 and sample size of at least seven replicates per isolate (90% statistical power). 697 
